NMR Methods.
Resonance assignments -Standard triple-resonance experiments were used to assign the backbone of the ternary complexes with compounds 3, 4, and 5. E:NADPH:2 and E:NADPH:6 assignments were contingent upon knowledge of the first three ternary complexes. Specifically, HNCACB and CBCA(CO)NH experiments collected at 700
MHz allowed for the assignment of 1 H N , 15 N, 13 C α , and 13 C β resonances in these complexes. Common residues that could not be assigned include K38, T46, D87, and A145.
Chemical shift perturbations (CSPs) -To demonstrate that the solution
conformation of the Met20 loop in each of the five complexes is predominantly closed, the approach described previously was used 1 , in which CSPs were calculated for each complex relative to model Met20 loop closed (E:NADP + :folate, BMRB access. no. 5470) and occluded (E:5,6-dihydroNADPH:folate, BMRB access. no. 5471) chemical shifts 2 .
Of the ~20 resonances considered makers for the conformation of the Met20 loop Fig. 4i ). Although a crystal structure for E:NADPH:6 has not been determined, the structure of E:NADPH:3 serves as an excellent model (Fig. 2a) . If one envisions the methyl group positioned on C5 (instead of C6 in the structure), the methyl group likely comes within steric contact of the nicotinamide of NADPH in the active site.
Unlike the switching motion of 1 characterized previously 1 , the methyl group on C5 does not sample an alternate binding pose that differs enough to move the group away from nicotinamide. This proposed steric clash between nicotinamide and the methyl group on C5 likely accounts for the significant reduction in binding affinity for 6 relative to the other tetrahydroquinazoline compounds.
As mentioned previously, protonated DHFR was used for relaxation dispersion experiments on E:NADPH:3. At the time these data were collected, protonated protein was deemed sufficient for analysis and not recollected using deuteration. It is possible, however, that additional residues with R ex would be detected in E:NADPH:3 if highly deuterated protein were to be used in preparation of the complex. This could explain why an increase in the number of sites with slow motion is not seen in E:NADPH:3 relative to E:NADPH:MTX or E:NADPH:TMP 3 .
Residues undergoing slow timescale exchange can often move together, or in a concerted fashion, with shared k ex and p A values. Aside from the residues used in group fitting (see Methods in main text), DHFR is known to possess ligand-independent motions at regions containing residues 128-134 and 154-159 4 . Exchange at these residues was also identified in the current study, but the sites were excluded from groupbased analysis of the data. These C-terminal residues have been group fitted together, and indeed prove to be ligand-independent in the case of bound inhibitors, as k ex and p A are identical for all complexes studied (Supplementary Results, Supplementary Table 3) .
A correlation between k conf,forward and k off is shown in the main text. A similar exponential relationship also exists between k conf,reverse and k off (R = 0.97) ( Supplementary   Fig. 5a ), although k conf,reverse is two orders of magnitude further from k off relative to k conf,forward ( Supplementary Fig. 5c ). The correlation between k ex and k off is lower (R = 0.89) (Supplementary Fig. 5b ).
In order to compare to the average Δω values fitted for the consensus antifolate residues with R ex , the sign of Δω was determined for the E:NADPH holoenzyme complex, as it has not been previously reported by Wright and colleagues 4 . In
Supplementary Figure 4j , we report the sign for three sites in E:NADPH in comparison to our data on the current series of inhibitors. The sign for D11 is not reported for E:NADPH because we have been unable to assign that residue.
X-ray Crystallography Methods.
Crystallization conditions -For all three complexes, NADPH and inhibitor were present at three-fold molar excess relative to the concentration of DHFR. Briefly, Crystals were allowed to grow at room temperature for several days before harvesting.
The mother liquor contained a high concentration of PEG-6000, which was sufficient as a cryoprotectant. To mount the crystals, 10 μL of mother liquor was added to the hanging or sitting drops. Mounted crystals were flash frozen in liquid nitrogen.
Data collection -Diffraction data were collected in-house at UNC using a RU300
rotating copper anode (Rigaku/MSC) and Saturn 944+ CCD detector at ~100 K. Data were processed using HKL2000 5 .
Structure determination -All three structures were determined using molecular replacement methods. The CCP4 program suite and the MR program Phaser was used 6 .
The search model was E. coli DHFR bound to NADP + in the 4137. 4 In (a-b) , the black colored sphere indicates G121, at which no slow motion is observed in these complexes, relative to such motions in the holoenzyme. In (c), black colored sphere indicate residues with motions suggestive of a closed to occluded conformational switch of the Met20 loop while green colored spheres indicate residues that report on motion of the flexible thiophenyl ring of the inhibitor while bound to DHFR. Two binding conformations of 1's thiophenyl ring are also shown in (c). 
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Supplementary Figure 3.
15 N Relaxation dispersion curves for the series. (a-b) Relaxation dispersion curves generated from 700 (closed circles), 500 (open circles), and in several cases 600 MHz (stars) data are shown for residue 8 (a) and 111 (b), both within the antifolate consensus group. NADPH is abbreviated as NH. Standard errors were determined by peak intensity analysis of duplicate experiments for specific 1/τ cp values. Data at 700 MHz for E:NADPH:2, E:NADPH:3, and E:NADPH:4 used a TROSY version of the relaxation dispersion experiment, hence the smaller R 2eff values than for 500 or 600 MHz data. (c-g) R 2 relaxation dispersion curves of all residues with slow motion in the five ternary complexes studied. In (c) E:NADPH:2, (d)E:NADPH:3 and (f) E:NADPH:5, data collected at 700 (blue) and 500 (red) 1 H frequencies are shown. For (e) E:NADPH:4 and (g) E:NADPH:6, 700 (green), 600 (blue), and 500 (red) MHz data are shown. A line with a slope of 1 is drawn on each plot, demonstrating the lack of correlation. At most, two residues out of the twelve could suggest loss of drug in the excited state. (i) Plot of Δω vs. Δδ (occluded -closed) for Met20 loop marker residues in E:NADPH:6. A linear correlation is seen for the points in black (R = 0.99). Points in cyan do not lie along this line, but would be expected to if the correlation were very strong. (j) Comparison of average fitted E:NADPH:antifolate Δω value to those fitted in physiological complexes. For the twelve consensus antifolate sites observed for the eight inhibitors characterized here, an average fitted Δω value was calculated along with the standard deviation in that fitted value. Complexes that do not follow the pattern of sign for Δω were excluded from the average. This average and standard deviation are plotted per residue against Δω values fitted for physiological complexes studied previously 4 . An asterisk indicates that the sign of Δω was not determined. An absence of relaxation dispersion or broadening in a particular residues is denoted by "x", and the presence of peak broadening (but no fitted dispersion curve) is denoted by "b". Note that the pattern of sign and values of Δω are distinct in the presence of the antifolates relative to endogenous, folate-derived ligands. Supplementary Figure 6 
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